Introduction: Natural head position (NHP) has been defined as the cranial position that is attained when individuals stand with their visual axes in the true horizontal plane. The visual axis is considered to be a key component in establishing, and maintaining NHP so that, in the absence of visual stimuli, gravitation and muscular proprioception chiefly control head position.
INTRODUCTION
The need to develop a holistic approach to orthodontic diagnosis has led investigators to look for the existence of morphologic, and physiologic, associations between head position and the predominant mode of breathing, visual stimuli, cranio-facial morphology, future growth trends, and occlusion. [1] [2] [3] [4] [5] [6] [7] [8] [9] It has been suggested that natural head position (NHP) is the most appropriate cranial postural reference position to be used during cephalometric radiography. 10 The concept of natural head position was introduced to orthodontics during the second half of the last century. 11, 12 Some studies show that NHP is highly reproducible and that age, gender, race, or the time lag that occurs between repeated radiographic, photographic, or cephalometric recordings does not affect it. 4, 13 An early reference to NHP was made by Broca who defined it as being the position of the head that is attained when individuals stand with their visual axes in the horizontal plane. 12 Others, in turn, have defined NHP as being a physiologic head position that is reached when relaxed subjects look at distant reference points. 3 Moorrees 14 states that natural head position, in contrast to natural head posture, is a physiologic position of the head, the orthoposition, that is obtained when a subject takes the first step forward from a standing to a walking position. 15 Currently, NHP is increasingly being used as being a logical reference and orientation position for evaluating craniofacial morphology and thus also for routine clinical orthodontic evaluation. 9, 10, 12, 16, 17 Recently, new studies have tried to show that a cause-effect relationship exists between cranial form and cranial function. 6, 7, 18 The findings of these studies suggest that cranial position is affected by the neuromuscular activities that result from most cranial functions. 19, 20 For example, in nasal obstruction, cranial extension may occur as a functional response that facilitates breathing. 21 In two radiographic cephalometric studies of craniofacial growth, Björk draws attention to the presence of facial differences that exist in 96 Volume 52, 2002 association with variations in head position. 7, 23 Others have observed that children who are predominantly mouth breathers have greater than average craniocervical extensions. 6, 18 The visual reference plane is considered to be a key factor in establishing, and maintaining, NHP as was defined by Broca. 12 Several mechanisms are responsible for maintaining an awareness of the body posture and position in relation to the surrounding environment. Thus visual, labyrinthine, muscular, and proprioceptive impulses continuously make individuals aware of their bodily positions and this awareness enables them to make the, mostly subconscious, adaptive movements required to maintain postural equilibrium. Labyrinthine inputs result from angular changes that are caused by postural changes of the body. When disease processes disrupt labyrinthine function, visual righting reflexes largely maintain bodily posture. In contrast, if the visual righting reflexes are disrupted, cranial, and corporal posture tend to demonstrate specific changes. 22, 24, 25 A few investigators noted that a relationship exists between vision and posture, and one such study reported the presence of a mean increase in cranial flexion in a blind, as compared to a sighted, group of people. 26 They concluded that, in the absence of visual stimuli, gravity, proprioception, and other afferent stimuli control head position. On the basis of an extensive review of the literature, as well as a result of their own studies, Siegel and Murphy concluded that blind subjects are especially prone to anomalies in body posture. 27 The nature, and frequency, of abnormal body posture in blind subjects has been described in the literature, 27, 28 while deviations in cranial position in the blind has been given less attention.
Solow and Fjellvang described cranial, and cervical, posture in relation to craniofacial morphology in a group of thirty blind subjects. They compared their findings with those previously recorded in sighted subjects and observed that in blind, as compared to sighted, individuals the head is more flexed while the neck is inclined further forward than it is in the sighted individuals. They also showed that craniocervical relations are more variable in blind subjects. 25 The essential morphological difference between these two groups of individuals, with respect to the cranial morphology, was that blind subjects tend to have smaller mean upper anterior facial heights. This reduction in the mean upper anterior facial height is thought to be associated with a deficient development in the orbital region, as well as to a lesser inclination of the upper jaw relative to the anterior cranial base. Previous studies attempted to explain the relationship that seems to exist between cranial position and blindness in a static manner and did not attempt to explain this relationship in a dynamic sense. The present study was carried out, using a method that measures craniocervical angulation dynamically, in a sample of sighted subjects in well-lighted room, and subsequently, when these same subjects were located in a completely dark room.
SUBJECTS AND METHODS
The sample used in this study consisted of thirty sighted volunteers (13 female and 17 males) ranging in age from 18 years to 53 years. All subjects were in good health and none of them had significant histories of neck injury or chronic nasal obstruction. A windowless room with a single door that could be closed to exclude any extraneous light was used for this study. The room was well lit with arti-97 American Orthoptic Journal ficial lighting that could be turned off to provide complete darkness.
The craniocervical angulation of the volunteers included in this sample were recorded by means of an array of instruments 29 that uses a commercially available inclinometer to measure angular changes relative to the true horizontal plane. This metrical character was measured in a well-lit room and subsequently in total darkness. For the purpose of measuring craniocervical angulation, cyanoacrylate was used to attach the inclinometer module to the right side temple piece of a lens-less pair of half frame eyeglass ( Figure) . After recording each subject's cranial position, the data obtained were downloaded from the Rustrak Ranger data logger to an IBM-compatible computer by means of a serial communications adapter (RS232) and application software (Pronto, Gulton Industries, East Greenwich, Conn.). To ensure consistent angular recordings while moving between subjects, the inclinometer was calibrated prior to each recording session. 29 The data acquired during this study were analyzed and printed out as graphs by means of a commercial spreadsheet software pro- gram (Excel 6.0). The method used to establish head position for each subject provides an approximation of NHP and is similar to that described by Cooke and Wei. 30 Head position was measured for all subjects in sitting, standing, and orthoposition in light as well as in total dark with all visual stimuli removed. The subjects were instructed to avoid staring at the floor, walls, or at the ceiling of the room used during the experimental recording sessions. An event marker was placed in the data being recorded at the point where the subject was in the process of taking the first step forward. The data recorded during the first step were used to provide the orthoposition as described by Mulhave. l5 Repeat measurements were performed for ten randomly selected subjects, and the data obtained were used to test for operator errors.
The first collection of the data were obtained when the subjects were studied in the well-lit room, while for the second array the data were acquired when the measurements of cranial position were made in the completely dark room. Cranial posture values for each of the three positions studied were obtained. In the tables, zero represents the horizontal plane, while positive and negative values represent cranial extension and flexion, respectively. The three cranial positions studied in the light and the same three respective determinations made in the dark were statistically compared and evaluated. A paired t-test was used to examine the differences between each of the three sets of data obtained, in the light and in the dark. All measurements were repeated five times. In each instance, the highest and lowest values obtained were rejected and the mean of the remaining three determinations was used as the definitive value for that measurement. A Bonferroni correction was used to maintain the overall significance level of the study at PՅ0.05.
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Accordingly a P value equal to, or less than, 0.017 (0.05/3) implies the null hypothesis-that there will be no statistically significant differences between the head posture measurements measured in the light and in the dark-can be rejected (PՅ0.05).
RESULTS
The data recorded in Table 1 reflects the sitting head posture of the subjects while in the light (T1) and in the dark (T2) respectively. The mean of the differences of the two metrical characters was 0.019°( SD ϭ Ϯ 6.19°). The statistical correlation between the values obtained for T1 and T2 was significant (r ϭ 0.606). The results of the paired t-test indicated that the differences between the paired mean T1, and T2 values were not statistically significant at (P Յ 0.05), (t 29 ϭ Ϫ0.02, p ϭ 0.99).
The data in Table 2 compares the standing head posture of the subjects while in the light (T3) and in the dark (T4) respectively. The mean of the differences of these two metrical characters was 3.2°( SD ϭ Ϯ 4.3°). The correlation between the values obtained for T3 and T4 was highly significant (rϭ0.792). The results of the paired t-test show that the differences between the T3 and T4 values were statistically significant (t 29 ϭ 4.09, P Ͻ 0.0005). The data listed in Table 3 compares the cranial Orthoposition of the subjects while in the light (T5) and in the dark (T6). The mean of the differences of the two metrical characters was 3.3°(SD ϭ Ϯ 6.3°). The correlation between the values obtained for T5 and T6 was significant (r ϭ 0.712). The results of the paired t-test indicated that the differences between the paired means of the T5 and T6 values were statistically significant (t 29 ϭ 2.83, P ϭ 0.008).
Statistical analysis of the repeated measurements obtained from the ten ran- domly selected subjects showed that the operator error for this study was within acceptable limits (P Յ 0.05).
DISCUSSION
The position of the head is influenced by a diverse variety of afferent stimuli. In the absence of visual input in respect to cranial and body position, the control of head position is largely directed by impulses stemming from the proprioceptors of the related joints and muscles. These inputs are coordinated in the higher nerve cen-99 American Orthoptic Journal ters of the cerebellum and this process is essential for the control of all postural reflexes and voluntary movements. Impulses derived from the neck muscles and ligaments are of special importance in controlling the position of the head and the spinal column.
Solow 31 found changes in head position to be associated with variations in airflow resistance. In support of this finding, Vig showed that when nasal obstruction was combined with visual deprivation, a greater cranial postural variability was observed. 22 Previous studies showed that in blind subjects the head and cervical column, on the average, are carried in a more downward forward position, in relation to the true horizontal, than they are in control groups of sighted subjects. 25, 26 In the current study of normally sighted subjects, in the sitting position 18 subjects extended their heads backward, while 12 subjects flexed their heads forward, when the room was darkened. Thus, in this part of the study, all of the subjects altered their head position when placed in the dark. There was not a definite trend for the subjects to extend nor too flex their 100 Volume 52, 2002 heads under the experimental conditions. The fact that nearly as many subjects flexed as did extend their heads may have confused the statistical tests used in this study. While in the standing position 22 subjects extended their heads further backward, seven subjects flexed their heads forward, and one subject's craniocervical angulation remained unchanged when the room was darkened. In the orthoposition, 19 subjects extended their heads further backward, seven subjects flexed their heads forward, and four subjects main- tained their craniocervical angulation when the room was darkened.
Although it appears that changes in cranial position are associated with deprivation of visual input, it is not certain how long these changes will persist if the visual stimuli are not returned. In the present study, the subjects resumed their original head posture once the light was returned to the room in which the study was conducted. It is not certain whether subjects would permanently modify their cranial postures as a result of prolonged periods of visual deprivation. In the present study, the subjects were only in the 101 American Orthoptic Journal dark for a relatively short period of time: on average, one minute. It seems that the removal of visual stimuli in the short term results in changes in cranial position. It also seems that these changes are predictable in the majority of the subjects. The finding of this study may be compared to the findings of previous studies that show that there is a cause-effect relationship between changes in mean head position and artificially produced nasal obstruction. 6, 18, 32, 33 This study did not discriminate between cranial extension and the atlanto-occipital joint, and cranial extension as a result of changes in positions that may have occurred inbetween the cervical vertebrae. It was also not possible to determine whether the head was positioned forward, ventrally, when the observed cranial extension took place.
Research shows that head position is significantly correlated with mandibular position 34 while at the same time, cranial position changes when mandibular position is altered as a result of therapy. 20 Fjellvan and Solow 25 noted morphological differences in the crania of blind and sighted control groups. In their study, they ascribed these differences to local factors associated with a deficient development in the orbital regions of the blind subjects, included in their study. They also reported that blind individuals develop smaller upper anterior facial heights and shallower inclinations of their maxilla, relative to their anterior cranial bases, when compared to sighted individuals. Given that postural changes require muscular activity, it is possible that if these cranial positions changes are sustained for a sufficient length of time during growth, they may produce permanent changes in the affected musculoskeletal relationships. 22 Previous studies of cranial posture in blind persons noted that most of these individuals have a tendency to carry their heads flexed forward as compared to sighted persons. 25, 26 Many factors have been cited as being able to cause postural anomalies in blind subjects. 25 The present study investigated cranial posture in sighted subjects who were experimentally deprived of visual input. This study does not provide an explanation as to which of the above, or other possible factors, may have resulted in the observed mean changes that occurred in head position when individuals were suddenly placed in total darkness. It should be kept in mind that the measurements obtained with the inclinometer are not absolute. In in-
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CONCLUSION
• In this sample, there was a statistically significant difference (PՅ0.05) for standing head position and orthoposition, measured first in the light and then in the dark.
• The craniocervical angulations obtained were significantly greater in the dark than in the light in the standing and orthopositions.
• In the sitting position, there was no statistically significant difference (P Յ 0.05) in the craniocervical angulations measured in the dark and in the light. This finding does not detract from the fact that all subjects changed their head positions when placed in the dark while seated.
• The removal of all visual stimuli appears to have a statistically (P Յ 0.05) significant effect on head posture in sighted subjects. The mean observed change was in the direction of greater flexure of the cranial complex.
• The findings of this study need to be explored further before definite conclusions are drawn.
